Cryogenic Safety
INTRODUCTION
WHAT IS A CRYOGEN?
A cryogen is defined as a liquid with a boiling point below about -100 °C (~175 K). Liquid nitrogen (LN2) is
by far the most common cryogen. Liquid oxygen (LOX or LO2) is also used at CSU and has its own set of
hazards and handling requirements. Cryogenic helium and argon may also be encountered and pose risks
similar to liquid nitrogen. All cryogens can cause frostbite and eye injury upon direct contact, contact with
cooled objects, or exposure to cold vapor escaping a pressure relief valve. Furthermore, all cryogens can
build up pressure and cause explosion if stored in an improperly vented container. The table below
summarizes the physical properties of all cryogens that you are likely to encounter.

LIQUID NITROGEN (LN2)
Liquid nitrogen is by far the most common cryogen. It is nitrogen in a liquid state at an extremely low
temperature. It is a colorless clear liquid with a density of 0.807 g/ml at its boiling point (−195.79 °C (77
K; −320 °F)) and a dielectric constant of 1.43. Nitrogen was first liquefied at the Jagiellonian University on
15 April 1883 by Polish physicists, Zygmunt Wróblewski and Karol Olszewski. It is produced industrially by
fractional distillation of liquid air. Liquid nitrogen is often referred to by the abbreviation, LN2 or "LIN" or

"LN" and has the UN number 1977. Liquid nitrogen is a diatomic
liquid, which means that the diatomic character of the covalent
N bonding in N2 gas is retained after liquefaction.
Liquid nitrogen can cause rapid freezing on contact with living
tissue. When appropriately insulated from ambient heat, liquid
nitrogen can be stored and transported, for example in vacuum
flasks. The temperature is held constant at 77 K by slow boiling
of the liquid, resulting in the evolution of nitrogen gas.
Depending on the size and design, the holding time of vacuum
flasks ranges from a few hours to a few weeks. The development
of pressurized super-insulated vacuum vessels has enabled
liquefied nitrogen to be stored and transported over longer time
periods with losses reduced to 2% per day or less.

Fig. 1. Liquid Nitrogen

The temperature of liquid nitrogen can readily be reduced to its freezing point 63 K (−210 °C; −346 °F) by
placing it in a vacuum chamber pumped by a vacuum pump. Liquid nitrogen's efficiency as a coolant is
limited by the fact that it boils immediately on contact with a warmer object, enveloping the object in
insulating nitrogen gas. This effect, known as the Leidenfrost effect, applies to any liquid in contact with
an object significantly hotter than its boiling point. Faster cooling may be obtained by plunging an object
into a slush of liquid and solid nitrogen rather than liquid nitrogen alone. Liquid nitrogen is a compact and
readily transported source of dry nitrogen gas, as it does not require pressurization. Further, its ability to
maintain temperatures far below the freezing point of water makes it extremely useful in a wide range of
applications, primarily as an open-cycle refrigerant,

LIQUID OXYGEN (LO2, LOX)
Liquid oxygen has a pale blue color and is strongly paramagnetic: it can be suspended between the poles
of a powerful horseshoe magnet. Liquid oxygen has a density of 1.141 g/cm3 (1.141 kg/L or 1141 kg/m3)
and is cryogenic with a freezing point of 54.36 K (−218.79 °C; −361.82 °F) and a boiling point of 90.19 K
(−182.96 °C; −297.33 °F) at 101.325 kPa (760 mmHg). Liquid oxygen has an expansion ratio of 1:861 under
1 standard atmosphere (100 kPa) and 20 °C (68 °F), and because of this, it is used in some commercial and
military aircraft as transportable source of breathing oxygen.
Because of its cryogenic nature, liquid oxygen can cause the
materials it touches to become extremely brittle. Liquid oxygen
is also a very powerful oxidizing agent: organic materials will
burn rapidly and energetically in liquid oxygen. Further, if
soaked in liquid oxygen, some materials such as coal briquettes,
carbon, etc., can detonate unpredictably from sources of
ignition such as flames, sparks or impact from light blows.
Petrochemicals, including asphalt, often exhibit this behavior.

Fig. 2. Liquid Oxygen
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Liquid nitrogen has a lower boiling point at −196 °C (77 K) than
oxygen's −183 °C (90 K), and vessels containing liquid nitrogen
can condense oxygen from air: when most of the nitrogen has
evaporated from such a vessel there is a risk that liquid oxygen

remaining can react violently with organic material. Conversely, liquid nitrogen or liquid air can be oxygenenriched by letting it stand in open air; atmospheric oxygen dissolves in it, while nitrogen evaporates
preferentially.

CRYOGENIC HAZARDS
Like many other potentially hazardous chemicals and gases, cryogenic liquids are safe if used and stored
properly. Liquid nitrogen, oxygen, and helium are used safely in hospitals, laboratories, and other facilities
every day. However, if used or stored improperly, cryogens can cause serious injuries or deaths as well
as cause serious damage to facilities.

Fig. 3. Cryogenic Mishandling Incidents. (a) Severe cold burns on hands due to contact with liquid
helium trapped inside gloves. (b) Crushed liquid nitrogen dewar after an explosion. The dewar
was identical to the one on the right. This occurred at Texas A&M University in 2006 after an
induvial purposely replaced a relief valve with a solid plug. The dewar built up pressure unit the
bottom of the dewar failed propelling the dewar through a celling / floor of a laboratory. (c) NY
Times article reporting on the asphyxiation death of a worker using liquid nitrogen in a poorly
ventilated area.
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The vast majority of hazards associated with cryogens can be grouped into one of four categories: Cold
burns / frostbite, asphyxiation, pressure buildup, and oxygen enrichment. These are discussed in detail
in the following sections.

COLD BURNS / FROSTBITE
Exposure of the skin to a cryogenic liquid or its vapor can cause burns to the skin in a similar manner to
heat burns. The severity of a cold burn depends on the temperature and the time of exposure. Even brief
contact with cryogenic fluids can cause cold burns. Frostbite is caused by prolonged exposure of
unprotected skin to cold vapors or gases. Local pain is the warning sign that freezing is taking place,
however sometimes the process is painless. Once tissue is frozen no pain is felt and the skin appears waxy
and of a yellowish color. If unprotected skin comes into contact with cold surfaces, like uninsulated pipes
or vessels, the skin may stick and flesh may be torn off on removal. Prolonged exposure (seconds not
minutes) to cold vapor can also cause damage to eyes and lungs.

ASPHYXIATION
Asphyxiation is the state or process of being deprived of oxygen,
which can result in unconsciousness or death. Cryogenic liquids
have a very large expansion ratio (>700x), and evaporation or
venting from a container displace air, decreasing the oxygen
concentration and increasing the risk of asphyxia. This is
particularly hazardous most cryogenic vapor/gas is invisible and
odorless, and impaired judgement and attention are initial
symptoms of gradual asphyxia. This disorientation is followed
by the inability move, loss of consciousness, and death in more
oxygen-depleted environments.
Confined or minimally
ventilated rooms present the biggest risk, however all vapor
clouds should be treated as potentially dangerous.
Normal air is composed of about 78.1% nitrogen, 20.9% oxygen,
0.9% argon, 0.04% carbon dioxide, and trace amounts of other
gases. OSHA defines oxygen deficiency as <19.5% oxygen.
Effects in otherwise healthy people begin at an oxygen
concentration of about 17%, see Fig. 4. Inhalation of 6-8% O2 is
100% fatal after 8 minutes, and 50 % after 6 minutes. As few as
2 breaths of oxygen-free air can cause loss of consciousness
without warning.

Fig. 4. Oxygen deprivation effects.

PRESSURE BUILDUP / EXPLOSION
As mentioned above cryogenic liquids vaporize into large volumes of gas. The normal heat leak through
the insulated walls and pipes of the storage vessel raises the temperature of the cryogenic liquid. As the
liquid evaporates, the pressure inside the vessel increases. In this situation overpressure could be caused
by failure of the protection systems such as relief valves or rupture disks or by the loss of thermal
insulation. A sealed container of liquid helium will pressurize to about 12,000 PSI if allowed to warm to

4

room temperature without venting. If the thermal insulation is damaged, for example if the vacuum in
the vacuum jacket of the vessel is compromised, the high heat leak could produce a large boil off rate that
the relief valves could not handle. Pressure can rise extremely high when cold liquid and vapor are stored
in pressurized vessels not adequately vented and refrigeration is not maintained. A pressure buildup may
produce burst with the sudden release of large quantities of cold liquid and gas as well as projection of
mechanical parts.
Cryogenic storage vessels, pipes or any other area of a cryostat where liquid may be trapped must be
equipped with adequate pressure relief valves. When desigining a cryogenic liquid containing system, any
region where a cryogen may become trapped (a stretch of piping between two valves for example) must
be equipped with a pressure relief valve. Additionally, care should be taken to avoid air contamination of
dewars as moisture within the air can freeze, plugging relief valves and causing an overpressure situation.
Venting should be controlled as the cloud of cold gas vented into atmosphere presents risks of
hypothermia, frostbite and asphyxiation especially if the gas is released in confined space.
A fast cool down of a component or instrumentation of a cryogenic system is another cause of
overpressure. The rapid cool down would create a large quantity of gas that could bring to overpressure
if the pressure relief system is not sufficiently large to accommodate for the venting of coolant needed.

OXYGEN ENRICHMENT
Special care should be taken when using liquid oxygen
as coolant. Oxygen is not itself flammable but supports
combustion. Oxygen is heavier than air tends to
accumulate in low lying areas. The cold vapors may
collect and persist in these confined spaces creating an
oxygen enriched atmosphere. Combustible materials
in presence of oxygen enriched atmosphere ignite
more easily, burn much more vigorously and can react
explosively. Moreover, normally non-combustible
materials such as some steels, aluminum, and zinc
become combustible in oxygen enriched atmosphere.

Fig. 5. Pretzel burning very quickly after being
exposed to a small amount of liquid oxygen.
(Don’t do this!)

Porous materials where oxygen is easily absorbed,
flammable liquids and gases, bitumen based substances and hydrocarbon-based oils and greases should
not be used in proximity to liquid and gaseous oxygen. Although cryogens such as nitrogen, helium and
neon are inert the risk of combustion is still present. These liquids are cold enough to condense air on the
external surfaces of vessels and pipes. As explained in the next paragraph, liquid air is rich in oxygen and
is therefore a fire and even explosive hazard if it drips onto combustible materials such as asphalt and tar.
Another issue related to the condensation of air is the phenomena of oxygen enrichment. The
development of an oxygen enriched atmosphere is a fire and explosion hazard. Air is composed for 20.9%
of oxygen and 78% of nitrogen. Liquid air produced by condensation on cold surfaces does not have the
same composition of the vapor being condensed. Because of the higher boiling point of oxygen (90.2 K)
with respect to nitrogen (77.4 K), oxygen condensates preferentially to nitrogen producing liquid air with
an oxygen concentration that could reach 50% (see figure below). Liquid air is therefore very rich in
oxygen and an explosive hazard.
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CRYOGENIC SAFETY PRACTICES
COLD BURNS / FROSTBITE
•
•
•
•
•
•

Always wear closed toe shoes when working with or near cryogenic
liquids / equipment.
Wear dry, loose-fitting, nonabsorbent, non-porous cryogenic protective
gloves when handling cold lines and valves.
Wear goggles, glasses, or face shield when filling dewars.
Know the location of relief valves and other potential cold sources and
surfaces.
Before beginning a process, review operating procedures and think the
process through.
Only use metal lines designed for cryogenic use to transfer fluids. DO
NOT use plastic / latex tubing to transfer liquids.

AVOIDING OXYGEN DEPLETION
•
•
•
•
•

•

Only use cryogenic liquids in well-ventilated areas.
Minimize the volume of cryogens in the lab / room.
Report any cryogenic leaks, faulty relief valves
Equipment with significant vapor production must be vented out of the building.
Rooms containing processes with the capability of producing large amounts of vapor or containing
large volumes of cryogenic liquids must be equipped with an oxygen depletion sensor with audible
and visible alarm.
Do not enter an area where an oxygen alarm is triggered. Turn off cryogen sources if safe do to so
and evacuate the building.

AVOIDING OVER PRESSURIZATION
•

•
•
•
•
•
•
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Before beginning a process, review operating procedures and think the process through. Make sure
you understand the pressure relief and insulation of the system you are using. If you are unsure ask
for assistance.
Ensure all containers, dewars, piping, etc. where a cryogen may accumulate is properly vented, has
pressure relief valves, and a backup pressure relief device such as a rupture disk.
Relief devices must operate at room temperature. Leaking valves must be replaced.
Never plug, cap, restrict, or remove any relief device.
Do not tamper with, adjust, or disable an adjustable relief device without proper review.
Take all precautions to avoid air/moisture contamination of dewars. This includes leaving the vent
valve open after all liquid has evaporated.
Do not use a vacuum jacketed dewar where it appears the insulation is compromised. Excess frost
and condensation are indication of poor insulation.

•

If a portable dewar falls over, DO NOT attempt to stand it back upright. The fall may have
compromised its vacuum insulation causing a rapid rise in pressure. Evacuate the area and report the
incident.

Fig. 6. The pressure relief valve on a pressurized dewar is shown on the left. Single-use
safety rupture disks relief valves are shown on the right.

AVOIDING OXYGEN ENRICHMENT
•
•
•
•
•

Only use liquid oxygen with compatible materials that have been cleaned and labeled for use with
liquid oxygen.
Keep all cryogenic equipment clean.
Avoid uninsulated cold surfaces whenever possible.
Eliminate combustible materials from the vicinity of cryogenic liquids
Eliminate ignition sources: smoking, open flames, thermal ignition sources, poor electrical
connections.

REFERENCES / SOURCES
•
•
•
•
•
•
•
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https://www.ncnr.nist.gov/equipment/cryostats/CryogenSafety.pdf
https://sites.wff.nasa.gov/code803/docs/sac/SAC%20Presentations/Cryogenics%20Presentation
.pdf
http://www.slac.stanford.edu/econf/C0605091/present/BELL1.PDF
http://www.phy.anl.gov/division/esh/Cryogenic/Physics%20Division%20Cryogenic%20Safety%2
0Manual.pdf
http://scc.epfl.ch/files/content/sites/sbsst/files/shared/Documentation/CryogenicsSafetyManu
al.pdf
https://en.wikipedia.org/wiki/Liquid_oxygen
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